One of the most commonly used models which exhibits modulated structure at where 21=, 21, and U* are, respectively, the unit vectors in the z, y and z directions.
ground state configurations. In this work we give further insight into the nature and structure of the ground state by analysing the presence and stability of different configurations by means of a low coupling series expansion combined with numerical results. It is found that the ground state diagram is quite similar to the phase diagram obtained in the standard threedimensional Ising ANNNI model at T > 0 [IZ].
The model is defined by considering scalar fields { + ( T ) } , located on the N = L3 sites T of a regular lattice in three dimensions with periodic boundary conditions. The spacing e, of the lattice is considered to be unity. The system Hamiltonian is given by where 21=, 21, and U* are, respectively, the unit vectors in the z, y and z directions.
W{C~(?)}) = -y C{-V(+(T)) + J~
Jo (assumed > 0) is the ferromagnetic coupling constant between fields located at nearest neighbour sites in the same 2 y plane. J , and J z are, respectively, the coupling constants between nearest and next-nearest neighbours in the t direction.
The local potential V ( 4) is taken to be 
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In terms of these new variables, the Hamiltonian reads:
where a = a 2 / b , J;I = J o / a , J; = J , / a , J; = Jz/a. In the limit Q -+ CO, the first sum in this expression restricts S ( r ) to take the values *l, and the Hamiltonian can be written as:
S(r)=fl
which is the Hamiltonian of the king MI model.
In studying the ground state of the Hamiltonian in equation (l) , with V ( 4 ( r ) ) given by equation (Z), we might assume that, due to the ferromagnetic coupling between the fields located in the same ry plane, all the fields in a particular ry plane take the same value, say +(z). This simplifies the Hamiltonian to a onedimensional (ID) (9) can be done in a systematic way by restricting ourselves to periodic solutions with a fixed wavelength A, and varying A. Let us comment that, strictly speaking, only commensurate configurations can be explicitly analysed numerically. For a given value of X = M / M ' one has to solve the M coupled equations (9) It is easy to prove that the relationship between X and A' is
which is the same as that obtained in the king "NI model [13] . From now on, and due to the symmetry proved above, we restrict ourselves to the study of the half-plane (5, > O,Jz). If J , and Jz are both greater than 0 the ground state configuration is ferromagnetic (Fht), i.e. can be represented by X = M. If J , > 0 and Jz < 0 there is competition between both interactions and the situation is much more complicated. It is very difficult to find analytical solutions of equations (9), except for some particular cases, such as X = 4, 6 , 8 and 03. We now consider the solutions when J , > 0 and J z < 0.
As a first step, and by analogy with the solutions found in the king A"M model, we begin by looking for constant absolute value solutions, i.e. lp(z)I = p,,, Vz. In the Ishg A " M case the parameter plane ( J , , J2) is divided in three regions delimited by the three half lines, Ll: (5, = 0, Jz > 0), L2: (Jz = -+J,, J , > 0 ) , L3: ( J z = $J1, J , < 0). In the region between lines L1 and L2 the ground state configuration is FM. In the region between lines L1 and L3 the ground state configuration is antiferromagnetic (m), and in the region between lies L2 and L3 the ground state is of 2 'up' and 2 'down' spins ( (22) 
Apart from the solutions described above, there are many other solutions to equations (9) that appear when we do not restrict the field values p ( z ) to take a constant absolute value. A first approach to find the ground state configuration (the solution of equations (9) with the least energy) is given by solving numerically equations (9) for different values of the parameters J,, Jz and comparing the energies for the solutions of different values of X = M / W . In practice, we have restricted ourselves to values of A4 that are not too large (typicaily M 6 30). Of course, we cannot be absolutely sure that we have included in our numerical analysis all the relevant values for A, and it could well be the case that another phase with a very high value for M can actually have less energy that the ones considered by us. However, that seems to us a very unlikely possibility, as supported by the structure induced by the combination mechanism discussed below. The ground state numerical solutions that we find share the two following features: (i) they are composed of blocks of length I ; = (X/2] or blocks of length I ; combined with blocks of length t j = [X/2] + 1, with 1 .1 the integer part of x, (U) the absolute minima of (7) are symmetric or antisymmetric configurations. It is possible to find many other solutions of (9), not sharing the features mentioned above, but they appear to be only local minima.
Two typical configurations are shown in figure l(u) and (6) for X = 5 and X = 6, respectively. Also a local minimum configuration of (7), which is neither symmetric nor antisymmetric, is shown in figure l(c) . We point out that this functional expression for q(z) indeed yields a more stable configuration than the (22) for some values of the parameters J,, J2. However, it cannot represent the ground stat= of the model since it does not satisfy equations (9).
Furthermore, other commensurate configurations, l i e the (23) In figure 2 we show the schematic ground state diagram. This figure gives us strong evidence for the appearance of different branching processes. This is very similar to the branching processes appearing in the phase diagram of the It is interesting to further analyse the branching process occurring at the origin J, = Jz = 0. In particular, it is relevant to know which configurations reach the origin and which do not. To this end, we have performed a Rth-order low coupling series expansions of configurations (2"3) (with n = 1, 2, 3). (33), (22), (34), (23,), (44) and the FM, as follows:
with s + 1 < R. After substitution of this expansion in equations (9) we find the coefficients a s , * ( z , A) to the desired order in J , and J , (in our case R = 5). Once the field values pox( z ) have been obtained at that order, they are replaced in equation (7) These last two separating lines differ in terms which are of order J t . By studying the regions delimited by these lines we can identify which configurations exist as ground states in the neighbourhood of the origin. In general, to make sure that the configuration (2"3) reaches the origin we need to perform a R = (n + 2)-order expansion. It is then proven that the configurations (2"3), with n < 3, exist as ground states for a region close to the point J , = J z =O. It is then reasonable to conjeeturc that the configurations (2"3), for all n, should spring from the origin. A similar analysis also shows that the configurations FM, (22) and (33) spring from the same point.
One can also prove, using the series expansion, that configurations (232), (34) and ( In summary, we have studied an extension of the 'p4 model which includes ncxt- work presented here include the study of the phase diagram of the lp4 A"NI model at T > 0. In particular, a study of the dynamics of the model I181 could help to understand the selection mechanism of the diffcrent phases at low temperatures.
